Objective-To determine the clinical effectiveness of implementing early goal-directed therapy (EGDT) as a routine protocol in the emergency department (ED).
several therapeutic research innovations have shown promise for impacting the outcome of patients with sepsis. [5] [6] [7] Among these innovations, the largest mortality benefit was reported by Rivers and colleagues 7 in a study of 263 patients enrolled in a randomized controlled trial in 2001. Through a protocol-driven resuscitation strategy aimed at hemodynamic optimization in the ED, at the time of recognition of sepsis, Rivers et al 7 were able to decrease absolute inhospital mortality rate by 16%. Their strategy, termed early goal-directed therapy (EGDT), targets various end points of resuscitation in an algorithmic approach with the overarching goal of reversing sepsisinduced hypoperfusion. The results of this study led to a grade B recommendation for the routine use of EGDT in the ED for patients who present with severe sepsis and septic shock as a part of the Surviving Sepsis Campaign guidelines. These recommendations have been endorsed by 11 professional societies, including the American College of Emergency Physicians and Society of Critical Care Medicine. 8 However, this approach has not been externally validated in prospective longitudinal study that measured the effect of the intervention of the EGDT protocol, used as published by Rivers et al. 7 In the present study, we sought to determine the clinical effectiveness, quantified by predefined mortality and morbidity indicators, of patients treated with the protocol compared with patients treated prior to the protocol implementation.
Materials and Methods

Study Design and Setting
We performed a prospective before and after study of the clinical effectiveness, defined as the change in mortality caused by the intervention of an EGDT protocol for the early treatment of severe sepsis and septic shock in the ED. The protocol was implemented as a clinical pathway in the time frame diagrammed in Figure 1 . This study was reviewed and approved by the institutional review board and privacy board of Carolinas Healthcare System. All patients were enrolled in the ED at Carolinas Medical Center, an urban, 800-bed, teaching hospital with > 100,000 patient visits per year. The ED is staffed at all times by emergency medicine resident physicians supervised by board-certified emergency medicine attending physicians. Prior to implementing the goal-directed resuscitation protocol, our ED did not follow written management protocol for patients with severe sepsis or septic shock.
Treatment Protocol Development and Implementation
A multidisciplinary team of ED, ICU, and infectious disease specialists, and ED and ICU nurses collaborated to implement the protocol and methods described by Rivers et al7 (Fig 2) . Our protocol was the same but was delivered via two modifications: (1) it was executed by the physicians and nurses who were providing clinical care to the patient (Rivers et al provided additional physician staffing at the bedside); and (2) it was initiated in the ED, and care was subsequently transitioned to the ICU. The protocol was discontinued at the discretion of the admitting attending physician (Rivers et al continued care in the ED for 6 h).
The goal-directed resuscitation protocol required monitoring central venous pressure (CVP) and central venous oxygen saturation (Scvo 2 ), which our preliminary data demonstrated were not performed in severe sepsis or septic shock patients in our ED prior to initiation of the protocol. Accordingly, 1 month was allocated for the education and training of participating healthcare providers. To minimize difficulties inherent to the transfer of care, we developed a standard goal-directed resuscitation order sheet and a nursing flow sheet to facilitate the patient's transfer to the ICU. 9
Study Subjects
In both phases, eligible subjects were identified by board-certified emergency physicians in the ED, and inclusion criteria were identical for both phases: (1) age > 17 years; (2) suspected or confirmed infection; (3) two or more systemic inflammatory response syndrome criteria10: heart rate > 90 beats/min; respiratory rate, > 20 breaths/min; temperature, > 38°C or < 36°C, WBC count > 12,000/μLor < 4,000/μLor > 10% bands; (4) systolic BP < 90 mm Hg or mean arterial pressure < 65 mm Hg ([2 × systolic BP + diastolic BP]/3) after a 20 mL/kg isotonic fluid bolus or anticipated need for ICU care and a serum lactate concentration ≥ 4.0 mmol/L. Exclusion criteria in both phases were as follows: (1) age < 18 years; (2) need for immediate surgery (anticipated departure to the operating room in < 6 h and thus could not receive 6 h of therapy in the ED and/or ICU); and (3) absolute contraindication for a chest central venous catheter. Patients with do-not-resuscitate orders at the time of eligibility were eligible for treatment with the protocol only after discussion with the family and admitting attending physician, and if both agreed on aggressive medical treatment.
In the before phase, physicians were given pocket cards containing the inclusion and exclusion criteria. Patient data were entered in real time on a computer in the ED using a secure Webbased electronic collection form similar to that described by Kline et al. 11 In the before phase, physicians were not aware of the plans for implementation of EGDT, and none had previously used the protocol described by Rivers et al. 7 In the after phase, identification of an eligible patient triggered an alphanumeric page to the ED and ICU charge nurses, ED respiratory therapist, pharmacy, bed management, and both the protocol quality assurance nurse and physician. The page was meant to notify all potential clinical staff involved that the protocol was being initiated, and to accurately identify all protocol subjects. The charge nurses were notified in order to ensure smooth patient transition, the ED therapist was notified in the event that any respiratory needs were necessary (eg, assistance with initiation of mechanical ventilation), the pharmacy was notified in the event antimicrobial questions arose, and bed management was notified in order to begin the process of securing an ICU bed. The page did not require that any of these individuals respond to the patient's bedside. There was no bedside participation in the care of patients by any research personnel, there was no additional staffing of either the ED or ICU, there was no redistribution of clinical responsibilities of any of the staff, and there was no modification of either the ED or ICU physical facilities. A protocol quality assurance physician with experience in protocol execution (A.E.J.) was available by pager or telephone (24 h/d) to answer questions about protocol execution. The participation of the quality assurance physician as a resource was voluntary, used infrequently by the treating physicians (6% of cases) and he was never requested at the bedside. In all cases, the ED physicians and staff identified the patients, initiated goal-directed resuscitation, placed the central and arterial venous catheters, administered antimicrobial medications, and followed the protocol until a bed in the ICU was available for patient transfer. At the time of patient physical transfer from the ED to ICU, clinical care was transferred from the ED physicians and nurses to the admitting physicians and ICU nurses.
Data Analysis and Outcomes
The primary outcome was in-hospital mortality. We defined clinical effectiveness before the study began as a 33% relative mortality reduction over the course of 1 year after intervention. We chose this relative mortality reduction because it is the relative mortality reduction that was found in the original EGDT trial by Rivers et al. 7 This design precluded a formal sample size estimate.
Secondary outcomes were the hospital resources utilized including the mean number of both ICU and hospital days and the mean number of ventilator days. For both hospital and ICU days, if a patient spent any amount during the 24-h period of 1 day in the ICU or hospital, this was counted as a full day. The days of mechanical ventilation was defined as the number of days receiving mechanical ventilation in all patients receiving ventilation divided by number of patients receiving ventilation during the study period. We also recorded if any sepsis-specific therapies were administered, such as parenteral corticosteroids and activated protein C. The Sequential Organ Failure Assessment score and Mortality in Emergency Department Sepsis (MEDS) scores were calculated on all patients at the time of identification. [12] [13] Continuous data are presented as mean ± SD, and when appropriate were compared for statistical differences using unpaired t tests or Mann Whitney U tests. Categorical data are reported as proportions rounded to the nearest whole number and associated 95% confidence intervals (CIs), and where applicable tested for significance using χ 2 or Fisher exact tests. The Kaplan-Meier survival estimates and log-rank test for comparison were used for time-toprimary outcome analysis. For all statistical tests, p < 0.05 was considered significant.
Results
We 2006) . In all 77 postintervention patients, ED physicians and staff identified the patients, initiated the goal-directed resuscitation protocol, placed the central venous catheter, administered antimicrobial medications, and followed the protocol until a bed in the ICU was available for patient transfer. Table 1 shows the demographics, comorbidities, clinical variables, severity of illness score, and source of suspected infections between the groups. Among the after-group patients, the mean duration of protocol execution from initiation to transfer from the ED was 2 h and 20 min. Table 2 compares the resuscitation interventions utilized in the initial 6 h of resuscitation between groups. Patients in the after group received a significantly greater crystalloid volume in the first 6 h as well as a significant increase in the frequency of the use of vasopressors and frequency of endotracheal intubation as compared to the before group. We observed no significant differences in the rate of packed RBC transfusion or dobutamine administration. Additionally, the time to antibiotic administration decreased significantly in the after group (99 min vs 142 min, p = 0.02).
The primary outcome of in-hospital mortality was observed in 21 of 79 patients (27%) in the before group and 14 of 77 patients (18%) in the after group (difference, -9%; 95% confidence interval, 5 to -21%; χ 2 p = 0.21) [ Table 3 ]. The Kaplan-Meier survival estimate were not significant between the groups for the primary outcome (log-rank test, p = 0.13) [Fig 3] . The secondary outcomes are also shown in Table 3 . Patients in the after group had an increase in mean ICU length of stay of 1.8 days and mean hospital length of stay of 1.2 days. The mean number of ventilator-days between the groups was identical.
Discussion
In this study, we document the clinical effectiveness of implementing an EGDT algorithm for the management of severe sepsis and septic shock in the ED. We found a 9% absolute and 33% relative mortality reduction, suggesting a number needed to treat (1/absolute mortality reduction) of approximately 11 persons. Furthermore, this mortality benefit was found among a group of patients with at least equal hemodynamic instability based on inspection of the systolic BP and sequential organ failure scores measured at enrollment. To our knowledge, this is the largest report evaluating the clinical effectiveness of EGDT that includes prospective identification and data collection on both before implementation (before) and after implementation (after) subjects since the sentinel report by Rivers et al. 7 Previous full-length reports 14-17 of implementing EGDT have found improved absolute mortality rates ranging from 9 to 28%. These studies differ from the present report in that they were retrospective 17 used historical control subjects, 14-15 investigated bundled therapies that included EGDT, 14,17 had a primary outcome other than a hospital mortality end point, 16 or were cohort studies without control (preimplementation) groups. 18 The present report strengthens the conclusion of these previous reports by testing a protocol very similar to that in the original report by Rivers et al. 7 We submit, however, that our slight modificationnamely the use of only ED staff to execute the protocol-would afford wider generalization of the protocol.
The control group in our study had a hospital mortality rate lower (27%) than previous reports 7,14-17 of EGDT, which range from 29 to 53%. Our before group patients had a lower severity of illness, evidenced by the slightly lower MEDS score, than the control groups of previous studies. 14 -15 We speculate that the observed higher control group mortality rates in prior reports 14-15,17 were secondary to systematic biases inherent to retrospective studies. Additionally, enrollment in a randomized controlled trials may have produced higher control mortality rates due to vigorous inclusion and exclusion criteria or inherent selection during the consent process. 7
Our data do not allow an inference as to whether one specific component of the protocol afforded treatment effect. Subjects in the intervention group received both a significantly larger volume of crystalloid infusion and a higher frequency of vasopressor administration. We observed no significant increase in frequency of packed RBC transfusions or dobutamine administration, consistent with previous reports. 14-15,17 It might be argued that a Hawthorne effect causing heightened awareness by the clinical staff (physician and nurses) resulted in both earlier and more aggressive response to physiologic abnormalities. For example, time to initial antibiotic administration decreased in the after group (142 min vs 99 min). Additionally, use of corticosteroids increased in the postintervention group (40% vs 6%), which may have impacted the results.
This study was designed to test the clinical effectiveness of EGDT as opposed to the efficacy of EGDT. An efficacy trial determines if a treatment does more good than harm when delivered under optimum conditions and in a uniform fashion. 19 The efficacy of EGDT was established by Rivers et al. 7 An effectiveness trial determines if a treatment does more good than harm when delivered under realworld conditions. 19 Before starting this study, we chose the definition of effectiveness to be a 33% relative mortality reduction at 1 year after implementation. We chose this definition because it is the same relative mortality reduction found by Rivers et al 7 in the original EGDT trial. We used 1 year as a surrogate to a numeric sample size; thus, we do not demonstrate statistically significant differences in mortality between the before and after groups.
When comparing the results of this study to that of Rivers et al, 7 several points deserve comment. First, compared to the EGDT group in the study by Rivers et al, 7 our after group had higher initial CVP and Scvo 2 but a lower systolic BP and initial lactate concentrations than did the Rivers EGDT group. Additionally, we found a nonsignificant increase in the mean hospital length of stay (LOS) of 1.2 days (p = 0.30) and significant increase in the mean ICU LOS of 1.8 days (p < 0.05) in the after group as compared to the before group. Rivers et al 7 found a nonsignificant 0.2-day difference in hospital LOS between the control and EGDT groups and did not report mean ICU LOS. Similar to Rivers et al, 7 we found no significant difference in the mean duration of mechanical ventilation between our groups (p = 0.90). These data appear to indicate that we studied a less severely ill group of subjects than did Rivers et al, 7 yet the protocol was still effective as indicated by the same relative mortality reduction found in both studies. Although we found no significant difference in hospital LOS, we significantly increased ICU LOS. This increase in resources utilized in the ICU is a potentially important finding that should be examined in future investigations. Finally, although we did not study a bundled protocol that included therapies other than EGDT (such as steroids and activated protein C), our after group did receive these therapies more frequently (eg, steroids) than did the before group. This is important inasmuch as these therapies were likely not routinely administered when the original EGDT was studied was performed prior to 2001. 7 Thus, when interpreting the results of our study, it is important to consider this potentially important change in routine management over time.
This report has several limitations that warrant discussion. The first limitation is a lack of a randomized design; however, this study was intended to document the clinical effectiveness of implementing the protocol into routine clinical practice rather than replicate the original study. 7 Second, as previously discussed, the sample size of the study does not permit conclusions to be drawn about the statistical differences in the mortality rate between the groups. Third, it is possible that a systematic inclusion bias influenced the results of the study (eg, in the before arm, subjects may have been missed due to underrecognition of sepsis as the etiology of illness; in the after group, patients may have been admitted with sepsis and not treated with the resuscitation protocol). Fourth, as previously mentioned, early antibiotics or increased use of steroids may have influenced the mortality difference between the groups. Also, it is possible that therapies administered after the EGDT period (eg, during the first 72 h of ICU care) contributed to the improved outcome. Finally we did not quantify, explore, or exclude protocol deviations because this study was designed to observe the effectiveness of the protocol in a clinical, nonresearch setting. Our intention was not to quantify the number or instances where all the goals of EGDT were achieved but rather to quantify the effect of 6 h of therapy had on patient outcome.
Conclusion
In this investigation we demonstrate the clinical effectiveness, quantified by a 9% absolute and 33% relative mortality reduction, of implementing EGDT in ED patients with severe sepsis and septic shock. Our data suggest a number needed to treat of approximately 11 persons. Timeline of data collection and protocol implementation. Goal-directed resuscitation algorithm. SIRS = systemic inflammatory response syndrome; MAP = mean arterial pressure; SBP = systolic BP; IJ = internal jugular; SC = subclavian; HCT = hematocrit; HR = heart rate; NS = normal saline solution; DNR = do not resuscitate. Kaplan-Meier survival curve comparing survival of patients in the pre-EGDT intervention (before phase) and post-EGDT intervention (after group). This curve represents truncated data so that absolute survival is not observed on the plot but rather the survival in relation to hospital LOS. The time points represent the number of patients that remain in the hospital and are at risk of death. 
